Patients with schizophrenia manifest a wide range of symptoms, including delusions, hallucinations, and impairments in communication, as well as motor, volitional, and emotional disorders. Through careful and comprehensive research it has become increasingly apparent that, in addition to the diverse symptoms that form the clinical definition of the illness, the disorder is, to a variable degree, accompanied by a cognitive impairment.^[@ref1],[@ref2]^

Various observations (for review see ref 2) have led to the hypothesis that compromised cognitive functioning is a core feature of schizophrenia and not an artifact of other symptoms, treatment for the illness, or aspects of the course of the illness.^[@ref3],[@ref4]^ It has further been proposed that the well-known diversity of schizophrenia in terms of functional outcome and recovery from the illness is best characterized by cognitive deficits, not by the classical symptoms.^[@ref5]^ *DSM-5,* acknowledging the importance of cognition in schizophrenia, is likely to recommend obtaining a formal neuropsychological assessment in individuals with psychosis.^[@ref6]^

This paper will provide an overview of findings from studies of cognitive functioning in schizophrenia. It will highlight cognitive functions which are severely impaired, as well as functions that are relatively spared; compare cognitive functioning across psychotic disorders; discuss the classification of cognitive impairment at the individual level, and present common cognitive assessment batteries.

Cognitive impairment in schizophrenia
=====================================

Most neuropsychological assessment batteries used in schizophrenia studies have been adapted from clinical neuropsychology, which assesses the profile of neuropsychological strengths and weaknesses of an individual.^[@ref7]^ In the first section of this paper we will review the study of cognitive functioning in schizophrenia. We will define the main cognitive ability areas, and describe the degree of impairment in each ability area as found in studies of schizophrenia patients. For descriptive purposes we have adopted the convention proposed by Cohen,^[@ref8]^ and applied in meta-analytic studies that cognitive functioning is within normal limits if performance scores are within one fifth of a standard deviation of the normative standards, is mildly impaired if scores fall between 0.2 and 0.5 SDs below the normative standards, is moderately impaired between 0.5 and 0.8 SDs below the normative standards, and is severely impaired at 0.8 or more SD below the normative standards.

General intellectual ability
----------------------------

Dating back to the work of Spearman,^[@ref9]^ a distinction has been made between general and specific cognitive abilities. Two widely used indices of generalized cognitive performance have been applied in schizophrenia research: general measures of intelligence quotient, or IQ, and composite scores or profiles derived from test batteries comprising multiple neuropsychological tests. While both provide a measure of an individual\'s overall cognitive functioning, the results of these assessments often do not overlap to a substantial degree. Neuropsychological test batteries typically focus on assessment of multiple cognitive abilities, such as memory, executive functions, and attention, and these include a strong component of novelty of testing requirements. IQ tests, on the other hand, have a lesser emphasis on specific abilities and novelty and greater emphasis on the assessment of crystallized abilities.^[@ref10]^

Schizophrenia patients show a substantial and very severe generalized impairment *(Figure 1).* As demonstrated by meta-analytic studies,^[@ref11]-[@ref16]^ the generalized impairment as indexed by IQ seems to be consistently greater than the one indexed by neuropsychological composite scores *(Figure 1).* The impairment in performance IQ is almost 50% larger than that observed for verbal IQ.^[@ref2]^ The impairment in general ability seems to be almost as severe as those observed for more specific neuropsychological functions, suggesting that any specific neuropsychological deficit in schizophrenia occurs in the context of a background of a very severe general intellectual impairment.^[@ref2]^

![Neuropsychological performance profile of schizophrenia. Summary of results from meta-analytic studies presented in effect-size units (median effect size was calculated from available meta-analyses).](DialoguesClinNeurosci-12-383-g001){#DialoguesClinNeurosci-12-383-g001}

Specific cognitive abilities
----------------------------

### Attention

Early descriptions of schizophrenia recognized attentional impairments as fundamental aspects of schizophrenia long before the advent of formal neuropsychological testing or modern experimental psychology.^[@ref17],[@ref18]^ It is clear that attention is not a unitary construct. Posner and Petersen^[@ref19]^ proposed that attention should be broken down into three main functions: alerting, orienting, and executive control. Alerting is defined as achieving and maintaining an alert state; orienting is the selection of information from sensory input; and executive control is defined as resolving conflict among responses.^[@ref20]^

Alerting has received considerable research attention in schizophrenia, and simple reaction time studies using different versions of Continuous Performance Tests have been conducted. Meta-analytic studies suggest moderate to severe impairments in this attentional domain *(Figure 1)*.^[@ref11],[@ref12],[@ref14]^ Orienting has not been studied as much. It is important to remember that attentional impairments may disrupt many other cognitive functions. One could assume that poor attention would prevent many types of information from being processed appropriately. However, correlational studies have generally demonstrated that attentional dysfunction explains only a small proportion of the variance in other cognitive functions in schizophrenia.^[@ref21],[@ref22]^

### Executive functions

The term "executive functions" has its historical roots in attempts to delineate higher cognitive functions of the prefrontal cortex, and has been used synonymously with the term "frontal-lobe functions." More recent conceptualizations of executive functions include fractionation into subprocesses,^[@ref23]^ and the view that not all executive processes are uniquely sustained by the frontal cortex. Specifically, some executive processes may be sustained by a distributed cortical network, rather than by a unique frontal region which may or may not be associated with the frontal lobes.^[@ref24],[@ref30]^

Executive functions are involved in the maintenance and shifting of cognitive and behavioral responses to environmental demands permitting the control of action and longterm goal-directed behavior.^[@ref31],[@ref32]^ Such control requires consideration of current and future circumstances, generation and evaluation of response alternatives, choice and implementation of a specific course of action and monitoring/reevaluation in response to environmental feedback. Abilities underlying such activities are thought to include: searching long-term knowledge stores, abstraction and planning, reasoning and problem-solving skills, initiation, self-monitoring, mental flexibility, and inhibition of immediate responses in pursuit of longer-term goals.^[@ref32]^

A great deal of research has focused on executive dysfunction in schizophrenia. First, many of the clinical features of schizophrenia are phenomenologically similar to those associated with frontal lesions, such as reduced spontaneity, avolition, mental rigidity, and lack of social judgment.^[@ref33],[@ref34]^ A second reason has to do with the dominant view about the etiology of schizophrenia. The socalled "neurodevelopmental hypothesis" postulates that schizophrenia arises from early, possibly fetal brain abnormalities of genetic and/or environmental origin which remains largely "static" or "silent" until it interacts with normal brain maturation processes, namely, those of the frontal lobes.^[@ref35],[@ref36]^

The most commonly employed tests in studies of executive functions in schizophrenia include the Wisconsin Card Sorting Test (WCST), the Stroop test, the Controlled Oral Word Association test (COWAT), and the Trail Making Test - Part B (TMT-B) (For a detailed description of the tests see ref 37). These tasks have been traditionally regarded as executive tests, since successful performance requires engagement of some form of executive control in addition to any of the more basic cognitive processes.^[@ref32]^ As indicated by meta-analytic studies impairments in all of the above tests performance are severe *(Figure 1)*.^[@ref11],[@ref16],[@ref38],[@ref39]^

### Memory

Kraepelin^[@ref17]^ wrote that among individuals with schizophrenia memory "is comparatively little disordered."

Bleuler^[@ref18]^ was even more unequivocal when he wrote that "memory as such does not suffer in this disease." Their perspective regarding memory in schizophrenia was based on day-to-day clinical observations and on informal testing, indicating that patients were reasonably adept at remembering details of their lives and the lives of their caregivers, and could recall information learned in school.^[@ref40]^ Modern views of memory disorder in schizophrenia are based on more precise, standardized neuropsychological measurement techniques, and contrast with the early clinical observations of memory functioning.

Influential and well-researched classification schemes have distinguished two types of long-term memory, declarative memory and nondeclarative memory, characterized by several key differences. Declarative memory encompasses both episodic memory (memory for events) and semantic memory (memory for facts), whereas nondeclarative memory encompasses simple classical conditioning, nonassociative learning, priming, and procedural memory. Unlike declarative memory, nondeclarative memory can take place without conscious awareness that anything has been learned.^[@ref41]^

Deficits in declarative memory are consistently reported in schizophrenia. Of 110 studies reviewed by Cirello and Seidman,^[@ref40]^ 101 found evidence of impairment among schizophrenia patients on measures of declarative memory. Meta-analyses consistently report severe impairments in immediate and delayed verbal and nonverbal memory in schizophrenia, commonly assessed using verbal or nonverbal list-learning tests *(Figure 1)*.^[@ref11],[@ref12],[@ref14],[@ref16],[@ref42]^

Nondeclarative memory has been considerably less studied in schizophrenia, and has not been the focus of metaanalytic investigations. Nevertheless, research suggests that this aspect of memory is relatively preserved in schizophrenia patients. For example, procedural learning ("learning by doing") may be defined as the development of skills in which the strategy of execution cannot be explicitly described. Schizophrenia patients show near perfect performance^[@ref43],[@ref44]^ or only mild impairment^[@ref45]^ on tasks of procedural learning.

### Working memory

Working memory, a term first introduced by Miller, Galanter, and Pribram^[@ref46]^ has been often defined as a "system for temporarily storing and manipulating information in the execution of complex cognitive tasks such as

learning, reasoning and comprehension." ^[@ref47]^ The criterion of transience distinguishes working memory from other forms of memory where the information of interest is maintained over longer periods of time.^[@ref48]^

In accordance with the Baddeley and Hitch (1974) model of working memory, in the schizophrenia literature there is a tendency to use a process-oriented definition of working memory with tasks requiring storage and maintenance compared with tasks requiring both maintenance and manipulation of task-relevant information.^[@ref49]^ A distinction is also made between two modalities of working memory: verbal and visuospatial, again in line with the Baddeley and Hitch (1974) model.

The most commonly employed tests in studies of working memory are the Digit Span and Spatial Span.^[@ref50]^ These tests include two conditions: forward and backward; the former is a task of maintenance only, while the latter requires both maintenance and manipulation. Meta-analytic studies *(Figure 1)* suggest that impairments in tasks requiring both maintenance and manipulation of information are noticeably larger in schizophrenia than tasks requiring maintenance only^[@ref12],[@ref16],[@ref42],[@ref51],[@ref52]^

### Processing speed

"Processing speed" refers to the speed with which different cognitive operations can be executed. Psychometrically, processing speed is typically indexed by the number of trials of a simple task that a subject can complete during a brief interval. The importance of processing speed lies in the fact that many higher cognitive operations - including perceptual processes, encoding and retrieval operations, transformation of information held in active memory, and decision processes - involve internal dynamics that are speed-dependent to some extent. Coding tasks, such as the Wechsler Digit Symbol Coding, are sensitive to a wide array of neuropsychiatric conditions^[@ref50]^ including schizophrenia, and are particularly impaired in schizophrenia.^[@ref12]^ According to meta-analyses,^[@ref11],[@ref12],[@ref16],[@ref39],[@ref52]^ both simple and more complex tasks of processing speed show a severe and substantial impairment in schizophrenia.

### Language, perception, visuospatial ability, and motor speed

Language is often assessed using reading and spelling of single words, or vocabulary tests, skills acquired quite early in life. As indicated by the meta-analytic studies, these functions are relatively preserved in schizophrenia, with only mild impairments *(Figure 1)*.^[@ref11],[@ref12],[@ref16],[@ref52]^ Metaanalyses suggest moderate to severe deficits in tasks of simple motor speed.^[@ref11],[@ref12],[@ref16]^ The magnitude of these deficits is smaller than the one evident for memory or executive functions *(Figure 1).* Moderate to severe impairments have also been observed in pure perceptual problems *(Figure 1).^[@ref11],[@ref12],[@ref16]^*

Possible moderating factors
===========================

A possible explanation for the presence of cognitive deficits in schizophrenia is that the neurocognitive deficit is secondary, peripheral, rather than central to the illness. Thus, symptom severity should be associated with severity of cognitive impairments. Other demographic characteristics such as age, education, or duration of illness may also account for some of the neuropsychological deficits. Overall studies indicate that the effect of moderator variables is quite limited: medication status, duration of illness, severity of psychopathology, and positive symptoms were not significantly associated with severity of neuropsychological impairment.^[@ref11],[@ref12],[@ref38],[@ref42]^ There is some consistency in documenting an association between negative symptoms and severity of cognitive deficits, in particular deficits in executive functions,^[@ref5],[@ref13],[@ref38]^ and considerable inconsistency with regard to the association of positive symptoms to neuropsychological functioning (see for example, refs 38,42). However, even when strong associations between symptom severity and cognitive function are evident, even schizophrenia patients with low severity of such symptoms exhibit profound cognitive impairments.^[@ref42]^ The inconsistency regarding the association of positive symptoms and cognitive function strongly suggests that neuropsychological test results should be interpreted in great caution if carried out when patients are actively psychotic. In research settings, cognitive assessments are almost always done when the patient is improved or in remission.

Cognitive deficits in other psychotic disorders
===============================================

The evidence presented in the previous sections indicates that individuals with schizophrenia present severe impairments in attention, executive functions, episodic memory, certain aspects of working memory performance, and processing speed. Cognitive functions that are relatively spared in schizophrenia include language functions, perceptual processes and nondeclarative memory. Studies have suggested that patients with other psychotic disorders could also demonstrate a disruption of normal cognitive performance, but results have not always been consistent.

The question of specificity of cognitive impairment has been recently investigated in two large epidemiological samples.^[@ref53],[@ref54]^ These studies compared neuropsychological functioning between psychotic patients with a diagnosis of schizophrenia, bipolar mania, and depressive psychosis, and have shown that differences in neuropsychological performance between schizophrenia and other psychotic disorders are quantitative and not qualitative. Cognitive deficits are present in all psychotic disorders following the first psychotic episode, but are most severe and pervasive in schizophrenia and least so in bipolar manic disorder *(Figure 2).*

![Neuropsychological performance profile of schizophrenia, psychotic major depressive disorder, and psychotic bipolar disorder. Performance was compared with healthy controls and is presented in standard deviation units (effect sizes). Data are from the AESOP first-episode study^[@ref53]^](DialoguesClinNeurosci-12-383-g002){#DialoguesClinNeurosci-12-383-g002}

The results of meta-analyses clearly demonstrate that the cognitive deficit also persists throughout euthymic states in bipolar mania,^[@ref55],[@ref58]^ although it is slightly less pronounced.^[@ref57]^ These results suggest that, as in schizophrenia, cognitive deficit is not simply a by-product of other symptoms.^[@ref59]^ However, some of the cognitive deficits observed in euthymic patients could be related to the effects of illness-related factors. Similarly to schizophrenia,^[@ref39]^ medication effects on the magnitude of processing speed impairment have been reported.^[@ref60]^ Significant moderator effects on cognition in bipolar mania have also been reported for age of onset,^[@ref60]^ number of manic episodes,^[@ref61],[@ref62]^ and duration of illness.^[@ref63]^ Unlike bipolar mania, however, there is less evidence for cognitive impairments in remitted patients with a history of depression,^[@ref64]^ but further studies are needed to examine cognitive deficits in remitted patients with major depression, especially psychotic depression.^[@ref59]^

Epidemiological studies of premorbid cognitive functioning (eg, in childhood or adolescence) may point to a possible qualitative difference between different psychotic disorders. There is a well documented premorbid cognitive deficit in schizophrenia. A recent meta-analysis estimated that, on average, future schizophrenia cases exhibit an 8-point deficit (.5 standard deviations) in their childhood IQ. ^[@ref65]^ Recent studies suggest that abnormal premorbid IQ is also a characteristic of depression.^[@ref66],[@ref67]^ In contrast, epidemiological research suggests that future bipolar disorder patients may have superior intellectual ability. This has been reported in some,^[@ref66],[@ref68],[@ref69]^ although not all studies,^[@ref70],[@ref71]^ and requires further investigation. If supported, the differences in premorbid functioning may point to potential developmental discrimination between schizophrenia, depression, and bipolar disorder.

"Cognitive impairment" in schizophrenia: who is impaired and who is not?
========================================================================

From the previous sections it is well accepted that schizophrenia patients, as a group, have cognitive deficits. Several previous studies, however, demonstrate that in some persons with schizophrenia, cognitive abilities are unimpaired or normal.^[@ref3],[@ref72],[@ref74]^ The central issue is which patients can be identified as having a cognitive deficit.^[@ref75]^ Some conceptualizations of this issue have relied on approaches from clinical neuropsychology to define cognitive impairment. These definitions are based on a performance deficit compared with a healthy control population (or normative data), such as one standard deviation below the mean on one or more areas of cognitive function. Using such definitions the estimated percentage of schizophrenia patients who have a cognitive impairment has varied from between 70% to 80%^[@ref54],[@ref73]^ to no more than 55 %.^[@ref74]^

A recent study^[@ref54]^ compared various classification methods of cognitive impairment using neuropsychological assessment data from the Suffolk County Mental Health Project cohort.^[@ref76],[@ref77]^ Of the 94 persons with schizophrenia in the study, 82% to 84% were classified as neuropsychologically impaired *(Figure 3) .* The rate of impairment was lower for other psychotic disorders.^[@ref54]^

![Rates and severity of cognitive impairment in schizophrenia patients. Data came from the Suffolk County Mental Health Project cohort^[@ref54]^,^[@ref76][@ref77]^ (N=94 cases). Definition of impairment Mild: Performance between 1 and 2 standard deviations below norms on at least 2 cognitive ability areas. Moderate Performance between 2 and 3 standard deviations below norms on at least 2 cognitive ability areas. Severe: Performance 3 or more standard deviations below norms on at least 2 cognitive ability areas.](DialoguesClinNeurosci-12-383-g002){#DialoguesClinNeurosci-12-383-g003}

Schizophrenia-specific and abbreviated neuropsychological assessment batteries
==============================================================================

Traditionally, many of the neuropsychological assessment batteries used are long and complex and may require several hours to administer.^[@ref7]^ The adaptation of assessment batteries for schizophrenia research has kept some of the length that was originally necessary for individual assessment but may no longer be necessary for clinically oriented research.^[@ref7]^ Until recently there was no standard, easily administered test battery that specifically and efficiently assesses the important cognitive deficits in patients with schizophrenia.

Short assessment of general intellectual ability (IQ)
-----------------------------------------------------

As described above schizophrenia patients show a substantial and very severe generalized impairment. Therefore, IQ total score can be a useful single descriptive measure of overall intellectual ability and also provide an interpretive context for other test results. Blyler et al^[@ref78]^ developed a short form of the Wechsler Adult Intelligence Scales (WAIS)-III^[@ref50]^ that was highly predictive of full-scale IQ in individuals with schizophrenia (R2=0.90; using the Information, Block design, Arithmetic, and Digit symbol coding subtests). We recently demonstrated that a two-subtest combination (Similarities and Arithmetic) could also provide accurate full-scale IQ estimates in schizophrenia patients (R2 = 0.91, Sela et al, unpublished data).

Short assessment of specific cognitive functions
------------------------------------------------

The MATRICS Consensus Cognitive Battery (MCCB)^[@ref79],[@ref80]^ is a neuropsychological assessment battery developed through an expert consensus process initially designed to establish an accepted way to evaluate cognition-enhancing agents in schizophrenia. Nevertheless, it also aids in providing a standardized evaluation of the core cognitive deficits of schizophrenia. Following a review and integration of results from factor-analytic studies of cognitive performance in schizophrenia, seven separable cognitive domains were determined, including speed of processing, attention/vigilance, working memory, verbal learning, visual learning, and reasoning and problem-solving (executive functions). The seventh domain, social cognition, was included because it was viewed as an ecologically important domain of cognitive deficit in schizophrenia that shows promise as a mediator of neurocognitive effects on functional outcome, although studies of this domain in schizophrenia are too new for such measures to have been included in the various factor-analytic studies.^[@ref79]^ The MCCB takes approximately 60 minutes to complete, has alternate forms, its reliability, validity, and comparability of original forms have been established empirically, and normative data has been collected.^[@ref79][@ref80]^ Another abbreviated assessment battery (Brief Assessment of Cognition in Schizophrenia - BACS)^[@ref7]^ evaluates four of the seven cognitive domains included in the MCCB: executive functions (reasoning and problem solving), processing speed, verbal memory, and working memory. The battery takes approximately 30 minutes to administer, has alternate forms, established reliability and validity, and available normative data.^[@ref81]^ Other abbreviated test batteries are also available with normative data (eg, Repeatable Battery for the Assessment of Neuropsychological Status8283; CogState,^[@ref84]^ a computerized battery) but often do not assess all seven cognitive domains identified by the MATRICS as important for schizophrenia.

Summary and conclusions
=======================

Assessment of neuropsychological functions greatly broadens the understanding of schizophrenia. In this paper, we have summarized the evidence for cognitive impairments in schizophrenia, and for methods of assessment. One of the main incentives for understanding the signature of cognitive impairment in schizophrenia is the strong relationship between cognitive performance and functional skills and functional outcome.^[@ref85]^ For this, cognitive impairment may be the most relevant aspect of the illness. We are only beginning to understand the role of specific cognitive functions in different aspects of outcome,^[@ref86]^ and better characterization of fundamental impaired cognitive processes is critical. Additionally, cognitive functioning may be used as a vulnerability marker.^[@ref87],[@ref88]^ Cognitive impairments are proving to be one of the symptoms within a cluster that may eventually enhance the ability to determine who is at risk of devel oping a psychotic disorder, and, in those already ill, may provide a prognostic marker for future functional outcome.^[@ref2]^ Hence the importance of assessing and understanding the cognitive impairment in schizophrenia.
